Study aim: To assess spine flexibility and possible muscle contractures at shoulder and hip joints in boys practicing football and in their untrained mates. Material and methods: Two groups of boys aged 10 -13 years were studied: football players (n = 176) and untrained boys (n = 137). Warm-up stretching exercises were applied at every training session. Spine mobility was determined by measuring differences between standing and bent postures in the forward (thoracic and lumbar regions), backward and lateral bends and in axial rotation (body twist). Muscle contractures were detected by applying Thomas', Dega's (wall test) and pseudo-Laseque's (for sciatic-tibial muscles) tests. Results: Boys training football had significantly (p<0.01 -0.001) better mobility of the thoracic spine and in the transversal plane, that latter being age-related. Muscle contractures (by pseudo-Laseque's test) were significantly (p<0.05) less frequent in football players than in untrained boys, especially in the older ones. Conclusions: Stretching exercises ought to be recommended as elements of warm-ups and of physical education classes in order to improve spine flexibility and reduce the incidence of muscle contractures (thoracic and sciatictibial muscles and hip flexors).
Introduction
Physical development and life quality of youths ought to be carefully supervised and monitored, especially in athletes, in order to improve their muscle strength and endurance and to prevent possible injuries [2, 3, 13] . One of the principal health-related elements of physical fitness is flexibility expressed by motion ranges at joints. Flexibility depends on the anatomy of joints, elasticity of muscles, tendons and ligaments, amount of the subcutaneous fat, age, gender, body build and, chiefly, on the kind of motor activity. That latter improves the agility, prevents tissue damages and decreases in fitness, and enhances shaping specific skills. Dynamic movements require that motion ranges at various joints are adequate [1, 5, 6, 15] . Motion ranges, in turn, requires appropriate muscle elasticity, i.e. the capacity of extending a muscle or muscle group while executing movement by antagonistic muscles. Stretching exercises may improve muscle elasticity but it is not clear whether those used in football training improve also spine flexibility and motion ranges. The aim of the study was thus an assessment of spine flexibility and of possible muscle contractures at shoulder and hip joints in boys practicing football.
Material and Methods
Subjects: Two groups of boys aged 10 -13 years were studied: football players (n = 176) and untrained boys (n = 137). Football players, members of Silesian football clubs aged 10 years, trained twice weekly, those aged 11 -12 years -3 times weekly and those aged 13 years -5 times weekly. Every training session lasted 90 min. Warm-ups (15 -20 min) consisted of running followed by dynamic flexibility exercises (shoulder circles and arm swings) and then static ones. Boys aged 10 years were trained in basic technical skills and general motor abilities (speed, motor co-ordination, flexibility); the training of older boys aimed at shaping their fitness potential according to their biological development, versatile technical skills, team and individual tactics, use of technical-tactical skills in various game elements. Their training experience ranged from 10 months to 4 years, depending on age. The untrained (control) boys were not engaged in motor activities except the obligatory physical education classes.
Measurements: Body height was measured with a stadiometer (accuracy 0.1 cm) and body mass -with medical balance (accuracy 0.1 kg); from these the body mass index (BMI) was computed. The range of spine mobility was determined using a measuring tape (accuracy 0.1 cm) according to the SFTR (sagittal-frontaltransverse-rotation) protocol [16] and expressed as differences between the neutral (standing) body position and after having performed given movement. The following motion ranges were determined: -Forward bend -thoracic region (Th 1 -Th 12 ), -Forward bend -lumbar region (L 1 -L 5 ), -Backward bend (xi-sy), -Lateral bend (armpit -plate, lateral side) -contralateral measurement, -Rotation (xi; plate, lateral side) -contralateral measurement.
Muscle contractures (defined here as insufficient elasticity of given muscle group when certain movement was to be performed) at shoulder and hip joints were detected by simple clinical tests: Thomas', Dega's (wall test) and pseudo-Laseque's (for sciatic-tibial muscles) [7, 16] .
Thomas' test was performed in lying position, the control leg was pulled to the chest and an involuntary flexion of the other leg at the hip joint was a sign of contracture of hip flexors. Pseudo-Laseque's test consisted of lifting leg (maximum hip flexion, knee extended) lying on the back; pain of the popliteal fossa induced by forcing the leg to fully rise (90º), disappearing upon knee flexing, was a sign of contracture of sciatic-tibial muscles. Dega's wall test was performed in tucked position, loins touching the wall; arms were lifted so as to touch the wall without moving loins away; when the subject could not press the palms against the wall, it was a sign of contracture of thoracic muscles [7, 16] .
The data were subjected to two-way ANOVA and post-hoc Student's t-test in case of significant group×age interaction (measurements). The between-group differences in the incidences of muscle contracture were assessed by chi-square function. The level of p≤0.05 was considered significant.
Results
The results recorded in this study are presented in Tables 1 -4 . In case of anthropometric variables (Table  1 ) no significant group×age interactions were found, thus in case of body mass and BMI significant (p<0.01) differences were noted: untrained boys were heavier and had higher BMI than their mates playing football. In case of spine flexibility variables all group×age interactions were significant (p<0.01), thus between-group differences were assessed by the t-test for individual age categories. Football playing boys had significantly (p<0.01 -0.001) better mobility of thoracic spine than their untrained mates. In the lumbar region, the youngest football players had significantly (p<0.001) worse mobility and the same applied to backward mobility in oldest boys (Table 2) . No consistent between-group differences were noted in spine mobility in the frontal and transversal planes but 10-and 12-year old football players attained significantly (p<0.05 -0.001) better results in the transversal plane mobility than their untrained mates ( Table 3) .
The incidences of muscle contractures were recorded for the right and left extremities separately. However, no significant right-left differences were found for any age or test, therefore mean percentages for both sides were computed and presented in Table 4 . The incidence of muscle contractures revealed by Thomas' test was significantly (p<0.001) lower in football players than in untrained boys but only at the age of 13 years. The results of the wall test were significantly (p<0.05) better in football players than in untrained boys but only at the age of 10 years. Most pronounced differences were noted in the results of the pseudo-Laseque's test but significantly (p<0.05 -0.01) lower incidences of muscle contractures were found in football players aged 11 and 13 years compared with their untrained mates, while in 12-year old boys the situation was reversed (p<0.05).
Discussion
Spine flexibility has been measured mostly by forward bend of the trunk in standing or sitting positions but flexibility is then affected by the tonus of sciatic-tibial muscles [4, 8, 14] and assessments in all 3 planes are extremely rare. Flexibility, an anatomical-functional feature, is of low heritability. It may increase in effect of diverse motor activities, age and training experience [8, 9, 14] , stretching exercises, shaping spine flexibility, being thus recommended in sport training [8] . An insufficient flexibility in athletes limits the ranges of performing diverse technical tasks and, more importantly, increases the risk of competition-or training-induced injuries [5, 10, 11, 13] . The results of this study demonstrated that junior football players had, generally, wider motion ranges in the forward bend (thoracic region), and in lateral bends and twists. Yet, those results cannot be fully attributed to sport training since spine mobility, in relation to untrained boys, was not clearly related to age, so football training may bring about improvements of spine mobility but not in all directions. On the other hand, boys playing football exhibited a better elasticity of muscles compared with their untrained mates or, in other words, a better flexibility at some joints. Particularly striking was very high incidence (50 -60%) of contractures of hip and sciatic-tibial flexors in untrained 13-year old boys.
Football training conducted 3 days a week, each session lasting 45 min, was reported to bring about higher improvements in motor skills and flexibility (forward bend in sitting position) in 7 -8-year old boys compared with traditional physical education programmes [9] . In football players aged 12 -15 years, subjected to 16 weeks of strength-directed training, a decrease in the sit-andreach bend (by 8.2%) was noted. On the other hand, the increase following football training which included stretching exercises was negligible compared with the control group [8] . It could thus be concluded that high volume and intensity of strength-directed training reduced muscle elasticity and, in effect, of flexibility. Also in this study only small improvements were noted which might suggest that flexibility was associated with the kinds and volumes of strength and stretching exercises included in a training session. Better spine mobility in all planes, especially in twists and right lateral bends, was reported for handball players aged 11 years compared with untrained boys [12] and that effect was attributed to training.
In earlier studies [10, 11] , in which the same tests were applied as in this study, handball players aged 15 years were superior to basketball players in forward and lateral bends, other motion ranges being alike. Basketball players aged 13 -14 years had significantly better spine mobility than their untrained mates. Moreover, the incidences of contractures of the thoracic and sciatic-tibial muscles and of hip flexors were in those handball and basketball players significantly lower than in the untrained boys. However, those results cannot be compared with the presented here because of age differences. Nevertheless, all those sports practiced by boys brought about general improvements in spine flexibility and motion ranges in the shoulder and hip joints but probably due to the kind and amount of warm-up stretching exercises and not to the sport specificity. Thus, such exercises ought to be recommended as warm-up elements in order to improve spine flexibility and reduce the incidence of muscle contractures.
